ABSTRACT
INTRODUCTION
Mobile cell phone use is quickly becoming ubiquitous in industrialized countries. Polling indicates that 77% of all U.S. adults own a smartphone, and 92% of those aged 18 to 29 own a smartphone (Pew Research Center, 2017) . There is considerable research on psychology and behavior related to cell phone use, though most of the literature is based on survey studies and experience sampling applications (for reviews, see: Elhai et al., 2017; Rosen, Whaling, Carrier, Cheever, & Rokkum, 2013) . For example, college students in the Midwestern USA reported using cell phones an average of 290 minutes (nearly five hours) per day (Lepp, Li, Barkley, & Salehi-Esfahani, 2015) . The addictiveness of cell phones for undergraduates is driven by desires to connect socially (Roberts, Yaya, & Manolis, 2014) . Those who experience greater psychological dependency on cell phones are more likely to have signal-detection errors, where they perceive ringing, vibrations, and/or other notifications associated with cell phone calls or messages when no message actually registers on the phone (Kruger & Djerf, 2017) . These phantom signals are more prevalent among those higher in attachment anxiety, who worry that their relationship partners do not share feelings of affiliation and worry about being abandoned (Kruger & Djerf, 2015) .
Cell phone usage in the presence of social companions can interfere with live relationships. The use of cell phones is generally thought to interfere with live conversations (Rainie & Zickuhr, 2015) . Even young adults, who have higher rates of cell phone usage than older adults (Demirci et al., 2015; van Deursen et al., 2015) , consider this behavior inappropriate (Forgays, Hyman, & Schreiber, 2014) . The attention that is diverted from one's companion and towards one's cell phone can adversely affect relationship satisfaction (Roberts & David, 2016) . The studies reviewed above highlight the social aspects of cell phone usage and the interference between one's virtual and nonvirtual social worlds.
The accuracy of self-reported cell phone usage has been called into question as it only moderately correlates with objective server log data (Boase & Ling, 2013; Elhai et al., in press) . Precise data on population usage patterns are typically proprietary and do not include social or environmental context. Naturalistic observations may provide unique information that complements findings from self-report survey methods and address research questions outside the proper scope of surveys. Naturalistic observational studies of cell phone use (e.g. Finkel & Kruger, 2012; Kruger et al., 2017) are rare in comparison to survey methods, however this approach has a history of application in social cognition (Festinger, Riecken, & Schachter, 1956 ), ethnography (Geertz, 1973 , and consumer marketing research (van Kleef, van Trijpa, & Luning, 2005) . This observational study examined cell phone use by drivers of motor vehicles in the campus and downtown areas of a Midwestern college town.
Driving distraction from cell phone use
Distraction from phones while driving is a major public safety concern (Terry & Terry, 2016) . Distractions occur in several forms, including physical distractions of using one or both hands to operate a phone, visual distractions of gaze to a phone, auditory distractions from the phone conversation or sounds made by the phone, and cognitive Human Ethology Bulletin 33(2) -Proc. of the V. ISHE Summer Institute(2018): 48-57 distractions from multitasking (Lipovac et al., 2017) . Participants in a driving simulator made more serious driving errors when using a cell phone than when not using a cell phone (Sanbonmatsu et al., 2016) . Cell phone using participants did not remember making a greater number of serious errors and were less accurate in their estimates of their error rates than non-cell phone using participants (Sanbonmatsu et al., 2016) . Driving simulations indicate that using a phone while driving produces reaction time delays equivalent to having the legal limit of alcohol intoxication in most US states (Strayer et al., 2006) . Naturalistic driving data collected by onboard devices indicate that the causes of accidents have dramatically shifted in importance in recent years, driver-related factors (such as impairment, fatigue, and distraction) are now represented in nearly 90% of crashes (Dingus et al., 2016) . Non-driver factors such as vehicle failures and roadway design or condition are declining in importance (Dingus et al., 2016) . Among adult drivers involved in a crash interviewed in emergency departments, drivers using mobile phones up to 10 minutes before a crash were four times more likely to be involved in a crash (McEvoy et al., 2005) . In a large sample (>223K) of road accidents in the USA, fatalities were nine times more likely when drivers were using mobile phones (Violanti, 1999) .
Some municipalities have banned the use of hand-held mobile phones while driving, yet permit "hands-free" (Bluetooth enabled) mobile phone use while driving (Lipovac et al., 2017) . Those making a hands-free cell phone call had equivalent reaction time delays to those making a hand-held cell phone call in driving simulations (Strayer et al., 2006) . In both studies using a driving simulator and actual driving in a car with on-board monitoring equipment, drivers using cellphones had more mistakes, traffic violations, and accidents, whether they were holding the phone or using a hands-free device (Strayer et al., 2013) . Among the emergency department patients, crash risk was the same for hands-free calls as phone in hand calls (McEvoy et al., 2005) . A review of current literature suggests that hands-free technology does not increase the safety of mobile phone use while driving (Lipovac et al., 2017) .
Current Study
As noted, there are concerns regarding the accuracy of self-reported cell phone usage. Accuracy of self-reports is a particular concern when investigating behaviors that may be socially undesirable or illegal. Naturalistic observations of behavior are valuable for investigating such behaviors. The current study examines cell phone use by drivers of motor vehicles in the downtown area of a Midwestern college town. Our general research questions were: What proportion of individuals are using phones; what contextual factors influence use of phones? We predicted that younger adults would be more likely to drive while using their phones, especially for texting (H1). Text messages are the most frequent method of virtual communication among young adults (Pew Research Center, 2015) . Although college students consider texting to be similar in risk to alcohol intoxication while driving, they are more likely to text and believe that their peers have even more favorable beliefs regarding texting while driving than their own (Terry & Terry, 2016) . Older adults were more likely to consider mobile phone use while driving an unsafe activity than younger adults (Hallet, Lambert, & Regan 2011) and younger adults engage in more excessive smartphone use than older adults (Demirci et al., 2015; van Deursen et al., 2015) . We predicted that female drivers would have higher rates of phone use than male drivers (H2), based on previous observations (Finkel & Kruger, 2012; Kruger et al., 2017) and self-reports of phone use rates (e.g., Jeong et al., 2016; Wang et al., 2015) . We predicted "interference" of cell phone use with live conversations, in that drivers with passengers would be less likely to use their phones (H3). We predicted that drivers would be less likely to use phones during poor weather conditions (H4; i.e., rain), as these conditions increase the difficulty of driving and may increase the perception of risk from phone use and/or the cognitive load of multitasking.
METHODS
The research team conducted 38 observational sessions, which varied by location and time of day in March and April and from September through November 2016. Observational sessions took place in the downtown area of a small city in Michigan, USA. Locations which typically have large amounts of slow-moving traffic were selected, 65% of observations were near a stop sign and 35% were near a stop light. Combining locations on the same block into observation sites, there were six observation sites overall. All observations were conducted during daylight hours: 25% of observations (drivers observed) were between 10:00 AM and 12:00 PM, 26% of observations were between 12:00 PM and 2:00 PM, 24% of observations were between 2:00 PM and 4:00 PM, and 25% of observations were between 4:00 PM and 7:00 PM. Observers remained at an observation perch, taking note of their location and the duration of their observational session. Session times ranged from 20 minutes to 150 minutes.
Observers recorded the drivers' sex and approximate age (18-24 or 25 and older), as well as the number of passengers in the vehicle, the weather, and whether or not the driver is texting, talking on the phone with the phone in hand, or talking on the phone hands-free (Bluetooth call use). Observers were instructed to categorize individuals as 25 and older if they appeared noticeably older than a typical undergraduate student. Observations were only recorded when this information could be determined. Each driver was recorded once by one observer. Observers reported that no one noticed them recording behaviors. Observers were not informed of the specific predictions in the hypotheses until data collection was complete.
We conducted a forward stepwise conditional binary logistic regression predicting whether or not drivers were observed using phones, with age, sex, passenger status, and rain status as potential predictors. Pairwise group comparisons were conducted for types of phone use; texting, talking on the phone with the phone in hand, or talking on the phone hands-free. Analyses included only cases with complete data for hypothesis testing. In post-hoc analyses, time of observations were recoded as minutes elapsed in the day (600 -1130) and study variables were examined by observation timing.
RESULTS
In total, 2542 vehicle drivers were observed and 2538 cases had complete data for testing a priori hypotheses. Overall, 23% of drivers were observed using their phones; 9% were Kruger, D.J. et al..: Counting Blue(tooth) Cars Human Ethology Bulletin 33(2) -Proc. of the V. ISHE Summer Institute(2018): [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] talking with their phones in hand, 9% were texting or otherwise entering information on their phones, and 6.4% with no passengers in the car were likely on a hands-free call (observed talking). Age group, passenger status, and rain status entered as significant unique predictors of phone use (see Table 1 ). Younger drivers were more likely to be observed using phones than older drivers, supporting H2 (see Figure 1) . This effect was driven by differences in the likelihood of texting, there were no age differences in handheld phone use or hands-free (Bluetooth) call use. There was no sex difference in observed cell phone use, disconfirming H2. Drivers with passengers were less likely to use their phones for both talking with their in hand and texting, supporting H3 (see Figure 2 ). Drivers were less likely to be observed in any type of phone use when it was raining, supporting H4 (see Figure 3 ). There was a small tendency for phone use to be observed earlier in the day, r(2543) = -.045, p = .023. It was more likely to be raining earlier in the day, r(2543) = -.218, p < .001, however the relationship between phone use and rain status remained significant for all types of phone use when controlling for minutes elapsed in the day. There was a small tendency for younger drivers to be observed earlier in the day, r(2543) = -.050, p = .011, however the relationship between texting and age remained significant when controlling for minutes elapsed in the day. Observation timing was not related to driver sex or passenger presence. There were no significant differences for any type of phone use by whether drivers were observed near a stop sign or a stop light. There were no significant differences between observation sites on the likelihood of observing texting or Bluetooth calls, drivers were significantly more likely to be observed talking with a phone in hand at one site in a university area commercial district than at the site in the downtown commercial district five blocks from the university. 
DISCUSSION
Overall, 23% of drivers were using their phones in some capacity. The high rate of cellphone use is remarkable, given that cellphone use while driving is thought to increase the risk of accidents as much as having the legal limit of alcohol intoxication (Strayer et al., 2006) . Although texting while driving has been banned in the state since 2010, 9% of drivers were observed texting or otherwise manually entering information on their phones. Younger drivers had relatively higher rates of phone use for texting, despite the prohibition taking effect before they were licensed or early in their driving history. Motorists are fined $100 for their first texting offense, and $200 for subsequent offenses. The state does not have a law specifically prohibiting other types of cell phone while driving a vehicle, except for novice drivers. However, a driver distracted by cell phone use who commits a traffic violation could be charged with careless driving, in addition to the specific violation.
Some municipalities have banned the use of hand-held mobile phones while driving, based on the mistaken belief that "hands-free" mobile phone use is safer than hands-on phone use while driving (Lipovac et al., 2017) . Driving simulation research indicates that even those who use Bluetooth enabled "hands-free" calls will also use their hands to open applications, dial numbers, and perform other phone related tasks (Strayer et al., 2013 ). In the current study, drivers without passengers were more likely to be observed talking with phone in hand than on a hands-free call. Although we may underestimate Bluetooth call rates more so than phone-in-hand behaviors (see below), this result suggests that most phone using drivers do not believe that hands-free calls are sufficiently safer to justify their use. Kruger, D.J. et al..: Counting Blue(tooth) Cars Human Ethology Bulletin 33(2) -Proc. of the V. ISHE Summer Institute(2018): 48-57 There was no sex difference observed in rates of phone use, in contrast to results from previous self-report (e.g., Jeong et al., 2016; Wang et al., 2015) and observational studies (Finkel & Kruger, 2012; Kruger et al., 2017) of general phone use. Further research will help clarify whether or not there is a sex difference in rates of phone use while driving. Women are usually more risk averse than men (e.g., Croson & Uri 2009; Kruger, Wang, & Wilke, 2007) , so perhaps greater aversion to the risks of distracted driving would counter-act women's greater tendencies for verbal communication compared to men (e.g., Tannen, 1990) .
Drivers were less likely to use phones when it was raining. Hazardous driving conditions may increase concerns for the likelihood of accidents when attention is divided. The increased cognitive load of driving in wet conditions may interfere with the ability to operate phones and process conversations. Self-report survey research may help identify individual perceptions of the risk of driving in hazardous conditions and how this relates to cell phone use.
Drivers with passengers were less likely to be observed using their phones than those without passengers. There is a general consensus that using cell phones while in the company of others interferes with live conversations (Rainie & Zickuhr, 2015) . Young adults consider cell phone use during conversations with companions only moderately appropriate, and older adults see it as even less appropriate (Forgays et al., 2014) . Relationships can be adversely affected by divided attention between one's partner and one's phone (e.g., Roberts & David, 2016) . Thus, drivers may be less likely to place outgoing and answer incoming calls when they have company in the vehicle.
Limitations
We may underrepresent the proportion of drivers using their phones, as observers may not always see active phone use. Underestimation is likely largest for the rate of Bluetooth calls. We assume that drivers with passengers who are observed to be talking without a phone in hand are talking with their passengers. It is possible that they are on a Bluetooth call. We also do not include drivers on a Bluetooth call who are listening rather than talking at the time of observation. Drivers of older vehicles may not have Bluetooth call capability; however, most cellphones have a speakerphone function that would also enable hands-free calls. It is possible that it was more difficult to observe cell phone use when it was raining, however observers reported that weather did not interfere with their determinations. Individuals classified as texting may have been performing other tasks such as dialing phone numbers or scrolling through social media, though the consequences for driving behaviors are likely to be similar.
Conclusion
This study documents a considerable prevalence of cell phone use while driving in a US collegetown population, increasing the risk of accidents to both these drivers and other drivers and pedestrians in the area. We demonstrate the value of observational studies for understanding technology use; our results complement those of self-report survey research on cell phone use. Naturalistic observations are valuable for investigating issues related to illegal and/or socially undesirable behaviors and may be superior to self-report survey results in their utility to inform policy-making.
